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One solution to this serious problem is the development of an intelligent vehicle that can predict driver drowsiness and prevent drowsy driving. The percentage of eyelid closure over the pupil over time (PERCLOS) is one of the major methods for the detection of the driver's drowsiness 3) . We developed a method for the detection of driver drowsiness using the whole facial expression, including information related to the eyes. This method is based on the results of observational analyses. The results of such analyses revealed that features of drowsiness appear on the eyebrows, cheeks, and mouth, in addition to the eyes 4) . The aim of using the facial expression is to detect drowsiness in the early stages, on the basis of the many minute changes in the facial parts. Our goal is to develop an intelligent safety vehicle that can relieve drivers from struggling against drowsiness by detecting their drowsiness and keeping them awake naturally. Two systems are necessary for the establishment of such an intelligent vehicle; one is a system for detecting the information predictive of driver drowsiness in the early stages, and the other is a system for providing feedback to keep the driver awake. In this paper, we discuss a method for detecting driver drowsiness in the early stages. Our method detects drowsiness with accuracy equivalent to that of brain waves, which is the general index of drowsiness. The method does not require any attachment of sensors. We developed the drowsiness detection method with a system comprising a camera set on the dashboard, an image processing algorithm, and a drowsiness detection algorithm.
This method categorizes drowsiness into 6 levels using features of facial expression based on the mechanism of facial muscle activities. This paper presents a novel drowsiness detection method and assesses its effectiveness.
The changes in brain waves, especially alpha waves, are one of the indices used to detect changes in the level of . Although change in brain waves is an effective index for detecting drowsiness, it is not feasible to apply this index in a vehicle because of the electrodes that are used as contact-type sensors. However, it is recognized in the field of cerebral neuroscience that the facial nerve nucleus is contained in the brain stem, which is de ned as an organ of drowsiness 6) . Therefore, we adopted facial expression as the index of drowsiness as an alternative to brain waves.
In addition, it is apparent from our experience that we can recognize drowsiness in others from their facial expressions.
In Japan, Kitajima's trained observer rating is a commonly used method for the detection of driver drowsiness on the basis of appearance 7) . The method divides drowsiness into 5 levels with criteria such as "slow blink", "touching the face with the hand", "frequent yawning", and so on. Since these criteria are qualitative, the method is not appropriate for automatic detection of drowsiness. In general, percentage of eye closure time, heart rate, and lane deviation are considered to be suitable drowsiness measurement indices that do not require the attachment of sensors 3), 8)- 14) . To determine the best index as an alternative to brain waves, we examined the correlation between brain waves and other indices such as PERCLOS, heart rate, lane deviation, and facial expression 15) .
indicates that facial expression has the highest correlation with brain waves (correlation coef cient = 0.90) and it detects drowsiness at an earlier stage than other indices.
This indicates that facial expression is the most appropriate index to use for the detection of driver drowsiness in the early stages. Therefore, to be able to predict and prevent drowsy driving, the development of a method that detects driver drowsiness from facial expression is necessary.
It was necessary to solve 3 problems for the development of an automatic drowsiness-detection system:
(1) How to de ne the features of drowsy expression.
(2) How to capture the features from the driver's videorecorded facial image.
(3) How to estimate the driver's drowsiness index from the features.
Our approaches to solving these problems are explained in this chapter.
We clarified the particular features of drowsy expression by comparing the facial muscle activities of the waking expression with those of the drowsy expression 16) . We measured 9 facial muscles of each of 17 volunteer participants during the task of monotonous driving in the driving simulator for 1 hour. shows the 9 facial muscles; inner frontalis, upper orbicularis oculi, lower orbicularis oculi, zygomaticus major, masseter, risorius, upper orbicularis oris, lower orbicularis oris, and mentalis. We divided the reference states of drowsiness into 6 levels, i.e., "not sleepy", "slightly sleepy", "sleepy", "rather sleepy", "very sleepy", points. We developed a method that extracts change in facial expression without individual differences in the shape of each driver's face by using the generic 3-dimensional model. Table 1 Drowsiness levels by trained observer rating . According to the averaging, it is possible to detect the difference between "eye closure based on blinking" and "eye closure based on drowsiness", which is difficult to distinguish from a still frame. Therefore, it is possible to reduce erroneous detection of the drowsiness level.
We investigated the accuracy of our drowsiness detection off-line. We used the driving simulator in a sound-proof room ( ). Motion system was excluded from the driving simulator to induce drowsiness in the participants ef ciently and to measure basic data of participants' drowsy (1) The facial image of the driver in a front-facing position.
(2) The facial image without any occlusion such as a steering wheel and/or a hand. The experimental set-up is shown in . The To detect facial change based on the drowsiness accurately, we clipped the video and compared the detected drowsiness levels from those par tial videos with the referential drowsiness levels. The 4 criteria for clipping the partial videos were as follows:
(1) The facial image of the driver in a front-facing position.
(2) The facial image without any occlusion such as a steering wheel and/or a hand.
(3) The facial image without any actions that cause facial change, such as yawning, smiling, or laughing. In addition, the integration of personal veri cation into our method will lead to the development of a highly precise drowsiness-detection method.
It is also necessary to develop a feedback system to achieve an intelligent safety vehicle that can relieve drivers struggling against drowsiness. We have now started to develop a feedback system that keeps the driver awake effectively and naturally. 
